I.-INTRODUCTION THE Health Advisory Council for Northern Ireland (1946) has drawn attention to the very great increase which has occurred in the cancer death rate during the last hundred years. When the Council's memorandum was prepared, the crude rate was four times larger than it was in the decade 1851-60. More recently, the Registrar-General for Northern Ireland (1949) has emphasized that until 1931, the annual number of certified cancer deaths was always less than that attributed to all forms of tuberculosis, whereas, since 1931 the reverse has been true. The annual number of registered cancer deaths continues to increase while that of registered tuberculosis deaths continues to decrease.
Three factors were suggested, by the Health Advisory Council, which could have contributed to the increase in the cancer death rate-an ageing population, improvement in diagnosis, and better certification of cause of death. To these possibilities a fourth must be added-a real increase in the risk of an individual dying from a malignant growth. It is not easy to separate the effects of these contributory factors, but within certain limits the effect of the ageing population can be ascertained, either by comparing like age groups or by some process of age standardisation of mortality. Further, a more precise evaluation of the certified mortality trends can be made by considering the specific parts of the body affected. From a detailed study of cancer mortality in relation to age and site, the Registrar-General for England and Wales (1940) concluded that "Recent research has tended to show . . . that the causative factors of cancer are complex and the occupational and social conditions have very different relations with cancer mortality according-to the site of growth selected for study . . . Some years later, Stocks (1947) studied the regional differences in cancer mortality of specified sites; he found striking differences for some sites (e.g., the stomach and respiratory organs), anid also revealed that whereas in some instances (e.g., cancer of the lung) certified mortality was increasing, in others (e.g., cancer of the uterus in females and cancer of the cesophagus in relatively young males), it was decreasing; w%hile for a number of sites nio material change occurred over the last twenty years.
In an important contribution to the literature, Crabtree (1941) studied the familial incidence of the disease and tentatively concluded that the incidence of fatal cancer was excessive among the parents and siblings of women with cancer of the skin, breast and cervix. This, he suggested, was also true for the parents and siblings of men with skin cancer when the condition developed at a relatively early age. On the other hand, the familial incidence of cancer of the lip did not differ appreciably from the average, although that of cancer of the lung was considerably below average. He pointed out that skin cancer should not necessarily be classified as hereditary, since a common environment of the family could result in a similar excessive mortality, but it did seem likely that female breast cancer might possibly be of hereditary origin. 65-74 until 1931-35) and then decreased slightly. Female mortality in the same age group was materially unaltered between 1921-30 and 1931-35, but thereafter it fell. In Northern Ireland, both sexes at these ages had an increased mortality between the two periods 1925-27 and 1936-38 (Table I) . Unfortunately, the absence of a reliable population age distribution, since that of the 1937 census of population, makes it impossible to examine mortality at specified ages in Northern Ireland for more recent periods. At ages of 75 years and over, a maximum mortality level was reached for both sexes in England and Wales in the period . Again at the same ages in Northern Ireland an increase in the registered mortality of both sexes was evident between 1925-27 and 1936-38 . It would appear that in England and Wales, among old members of the community, mortality reached its peak in the thirties-this may also be true of Northern Ireland, but we cannot produce the evidence for or against such a hypothesis until the population figures for the 1951 census become available. In the light of the mortality trends at ages over 65, Stocks and MacKay concluded that "the fictitious increase in total cancer attributable to more complete diagnosis for certain sites has now ceased to have any important effect on the total cancer rate . . . ."It follows that probably such "fictitious" trends will be present in the pre-war mortality experience in Northern Ireland, and it is unfortunate, but unavoidable owing to the absence of reliable population figures, that the examination of the mortality statistics, which form the main part of the present study are limited to that period.
The difficulties of interpreting the vital statistics of cancer have been commented upon frequently elsewhere. McKinnon (1950) goes so far as to say that "It is clear in the everyday practice of both the clinician and the pathologist that, in deaths from cancer, the primary site cannot always be specified, it is not infrequently highly speculative, uncertain and even quite erroneous. It is equally clear to the clinician and the pathologist that the incompleteness and unreliability of specification of the primary site vary widely with age, sex, site, time and place." Even though this statement implies rather a greater degree of "speculation" on the part of the pathologist than probably exists, the fact that the available data do not distinguish between the clinician's and the pathologist's certifications results in such imperfections as those enumerated by McKinnon being a feature of the mortality statistics. In an earlier paper on cancer mortality in Ontario during the years 1921-47, McKinnon (1949b) focussed attenfion on the age group 40-69 years amongst Nvomen. In that age group, in his data, female registered mortality did not materially change over the twenty-seven years of his study, whereas in other age groups and in all age groups for men, mortality increased. He inferred that since the unchanging female rates largely reflect the experience of a group in which the rates were probably more comparable, over a period of time, than in any other, it was likely that "there has been no material change in the cancer problem in these, or by implication, in any other age groups throughout the period." He excludes from his generalisation the "contiroversial increase in pulmonary cancer in the male" and suggests that otherwise the increases in mortality, particularly in the older age groups, are reasonably attributed to changes in diagnostic and certification practice. The Northern Ireland rates shown in Table I might be interpreted in favour of such a hypothesis. The greatest relative increases in registered mortality were a feature of old age and although female mortality between ages 50 and 64 changed little and at 40-50 fell quite appreciably, this is unlikely to invalidate such a theory. However, it is doubtful whether one can, on such meagre evidence as exists for Northern Ireland, "by implication" assume that the increases in the older age groups were, in fact, wholly due to improved diagnosis and certification-there may be a real increase in the risk among older members of the community.
Whatever the cause of the observed increase in registered mortality in Northern Ireland, the available statistics do show that either we have not been fully aware of the problem in the past or that the size of the problem is, in fact, increasing. Whether the increase is "real" or "artificial," the more we know about the site, sex, age group and parts of the body affected, the better are we 160 equipped to combat the problem. rhe following analysis of the available material has therefore been made in the hope that some useful knowledge will be gained from the information wvhich at present lies hidden in the official mortalit) Between the two periods studied a decennial revisioni (1931) of the Internatiolnal List of Causes of Death wvas made. It is conisidered that this revision is unlikelv to affect any of the conclusions drawn, since comparisoni with the preceding revision (1921) reveals no differences in classification likely to affect the grouping of affected sites used in the present paper.
The average annual crude death rates froimi cancer of various specified sites in each period, 1925-27 and 1936-38, are shown in The crude death rates of the two periods are not strictly comparable, since it is known that between 1926 and 1937 the population of Northern Ireland became older and larger; thus with a cause of death such as cancer we should expect more deaths in the second period than in the first, even if the actual risk of (lying had not changed. The influence of the older population in this respect has been eliminated in Tables III and IV , for men and women respectively, by comparing, for each sex and site separately, the number of deaths registered in 1936-38 with the number which would have been expected had the age specific death rates, for that site and sex, been the same in 1936-38 as they were in 1925-27. A detailed explanation of the calculations involved in these tables and of similar calculations in later tables (VI and VIII) is given in Appendix I. For any specific site and sex the relative change in mortality, irrespective of the change due to a differently age. .constituted population, is thus indicated by the ratio of the registered to the expected deaths in 1936-38. The absolute numerical contribution of any one site to the increase in cancer deaths of all sites in either sex, irrespective of the increase due to the older population in the later period, is indicated by the absolute difference between -registered and expedted deaths attribut'ed to the site concerned in the second period, 1936-38.
It might be argued that the limitation of the tables to deaths of persons aged 40 years and over may weigh unfavourably against female cancer of the ovaries, uterus and breast, since five to ten per cent. of all female cancer 4eaths attributed to these sites occurred amongst women under the age of 40. However, the majority of the deaths under 40 years of age occurred in the age group 30-39 and if the ratios of registered to expected deaths are re-calculated for these three sites to include this earlier age group, the only material difference which occurs between the revised ratios and those tabulated refers to cancer of the ovaries. For this site, the tabulated ratio is 179 per cent.; if the age group 30-39 is included the Mortality ascribed to cancer of the jaw decreased considerably among nmer betwNeen 1925-27 and 1936-:38, the ratio of registered to expected deaths in the last period being 60 per cet. Armongst, women, little or no change occurred. However, this particular form of cancer is not an important cause of death, and in view of the smallniess of the experience it may well be that no significance can be attached to the differential sex trend, but it is of interest to note that cancer of the jaw and the lip in England and Wales fell rapidly amongst males of all ages from 1911 onwar(ds (Stocks and MacKay, 1946 If these mortality chaniges were reflectionis of improved (liagnostic and certification practice, to the exclusion of all other factors, onc would first expect to find an upwardl trend in the rates attributable to internial sites of malig,nant growth. rhus the increase in registere(d mortality from cancer of the intestines, lung and pancreas in both sexes and canicer of the prostate and bladder in men and of the ovaeies in women is compatible with such an explanationl, although the stability of cancer of the stomach mortality and the decline in mortality attributed to cancer of the liver and gall bladder are not. It might be argued, however, that the decreases in mortality due to cancer of some internal sites such as have occurred might be explained in terms of better dliagnosis of the primary site of growth, which, in turn, might be a further contributory factor to the increases in mortality ascribed to other internal sites. For example, the inicreased mortality certified as cancer of the intestines and possibly the pancreas, and the decreased mortality certified as cancer of the liver and gall bladder might arise in part or in total from a transference of (leaths from the latter to the former durinig the eleven years under review.
Mortality attributed to cancer of external sites, where they have been separately 165 tabulated, was in most cases fairly constant over the eleven years, (for exam-ple, cancer of the skin in both sexes, cancer of the breast in women and cancer of the lip in men). Such external, or easily accessible sites, are less likely to be affected by improved diagnosis and certification and it seems probable, therefore, that the problem is fairly constant in these specific instances. The apparently inconsistent results of cancer of the jaw and the rectum have already been discussed (page 165).
However, an explanation of the increase in the total cancer mortality rate cannot be sought only from the relative changes in mortality attributed to the various sites; large relative increases in mortality attributed to sites not frequently affected will produce only relatively small increases in the registrations of cancer deaths compared with similar mortality increases in sites frequently affected. In both sexes the greatest numerical contribution to the increase in total cancer mortality between 1925-27 and 1936-38 was made by increased registrations of cancer of the intestines and cancer of the lung. In the period 1925-27, 198 male and 240 female deaths were certified as cancer of the intestines, and in each case these figures represent about 11 per cent. of all cancer deaths in that period among persons aged 40 and over. By 1936-38 the ratio of registered to expected deaths increased by 55 per cent. among men and 41 per cent. among women, resulting in an increase in intestinal cancer deaths of 122 men and 108 women over and above the increase due to the older population in the second period. On the other hand, cancer of the lung was relatively unimportant as a certified cause of death in 1925-27, when 27 male and 20 female deaths were registered, representing about 1.5 per cent. of all male and 1 per cent. of all female cancer deaths at ages 40 and over. The very large relative increase in mortality attributed to this site has already been noted; this has resulted in the increase in lung cancer registrations becoming second in importance to the increase in intestinal cancer registrations between 1925-27 and 1936.38-in the period 1936-38 there were 97 male and 38 female deaths more than in 1925-27, excluding any increase which might have occurred due to population changes.
Cancer of the prostate and bladder amongst men is also worthy of comment in this context. The ratio of registered to expected deaths increased between the two periods by 67 per cent., and in the later period the expected number of deaths exceeded the observed by 76-. Further, at the other end of the scale the ratios for cancer of the liver and gall bladder indicate a heavy fall in mortality, resulting in a decline in the number of deaths so described-this almost balanced the increase. due to cancer of the prostate and bladder amongst men and was greater numerically than the increase due to cancer of the lung among women. and evidence has been produced to suggest that in Copenhagen the true ratio is more probably in the region of eight to one.
Various hypotheses have been suggestecd in attempts to cxplaini these ilncreases. Clemmesen and Busk (1947) suggested that the greater part of the increase was probably a reflection of better (liagnosis anid that the sex (liffereilce might be explained by under-certification of lunig cancer among females in bygonie years, when some of the deaths which should have been assigned to lung cancer were possibly attributed to other respiratory diseases and, in support of this thesis, they cite the fact that male mortality from lobar pneumonia is twice as g,reat as female mortality. However, in Northern Ireland, even in 1936-38, the numbers of certified deaths due to lung cancer were very small compare(d with the number due to lobar pneumonia. The sex ratio of the latter would thus hardly be a sufficiently sensitive index of such a transference of deaths as suggested by Clemmesen Kenneway (1936) suggested that any combination of the following might play a part: an actual increase in mortality and/or anl improvement in diagnosis and/or a change in the fashion of diagnosis. With regard to diagnostic practice, they noted that only a very moderate increase in lung cancer occurred amongst medical men-"an occupation where the availability of existing methods for the detection of cancer is presumably at a maximum." Since the war, the same authors (1947) have cited further evidence against the theory of improved diagnosis being the sole factor in the increase in lung cancer mortality. They record the higher incidence of lung cancer in urban as compared with rural areas, the fact that no obvious relationship exists between lung cancer and social class and the fairly low level of such mortality amongst workers in agricultural occupations, as being poiniters towards a causative factor such as the smokiness of the atmosphere. However, they are careful to indicate that these features of the mortality must be considered side by side with the relative facilities available for diagnosis, but it is interestinig to note that Stocks (194i) founed a significant negative correlation (r=---0.69 with standar(d error 0.12) between the lung cancer death rate and the hours of sunshine for twenty large towns in England and Wales. His correlation was not significantly altered when the differinig social conditions of the towns were taken into account. From this and other evidence he suggests that "either smokiness of the atmosphere is an importanit factor in itself in producing cancer of the lung or that sunshine is an important factor in preventing its incidence."
Finially, it would appear, from recent work in the United States of America, that the habit of smokiing is probably a colntributory factor to the increased incidence of lung cancer. WVynder ani (Craham (1950) , from a survey based mainly on the smoking habits of 605 male paticnts witlh proved bronchial carcinoma and 780 male hospital patients without cancer, concluded that "excessive and prolonged use of tobacco, especially cigarettes, seems to be an importalnt factor in the incidence of bronchiogenic carcinoma." Levin et al (1950) came to similar conclusions from more restricted data anid cautiously stated that "the data suggest, although they do niot establish, a causal relation between cigarette andl pipe smoking and cancer of the lung andl lip respectively. 'rhe statistical association may, of course, be due to some other unidentified common factor between these types of smoking an(d lung and lip cancer."
From the Northern Ireland mortality experience, as in other counitries, the strongest argument against attributing the whole of the rise in registered mortality of lung cancer to better diagnostic and certification practice would appear to be the sex difference in the rate at which imorta'ity has increased (page 165). It would seem reasonable to expect that better diagnosis and, as Bonser (1934) adds, "greater interest in this type of cancer" would apply equally to the two sexes. That such has not been the case suggests, at the very least for men, that a true increase in the risk of dying from lung cancer has occurred. In fact, prevailing opinion can be summed up in the words of Turner (1949): "There is general agreement that the increased incidence of bronchial carcinoma is real and not merely apparent from better facilities for diagnosis."
III.-DISTRIBUTION OF CANCER MORTALITY BY GEOGRAPHIC AND ADMINISTRATIVE AREAS.
The analysis of the mortality statistics by geographic locations of the deceased's normal place of residence (classified as one of the six counties or two county boroughs) and by type of adminstrative area (classified as aggregate of county boroughs, other urban districts and rural districts) can only be attempted for total cancer mortality (i.e., all ages and sites combined). The deaths are not tabulated by age or site of the malignant growth for subdivisions of the country. 'T'he effect of differently age-constituted populations in the different areas tabulated and in the different three-vear periods will, as before, invalidate the comparison of crude mortality rates; the ratios of registered to expected deaths have, therefore, been calculated and are given in 'Iables VI and VIl, while for information, the crude rates are shown in 'T'ables V and VIl. I'he basis of the ca,lculations of expected deaths in 'T'ables VI and VIlI is somewhat different from that in earlier tables; in this section, the expected deaths have been calculated for each sex separately, by applying the age specific death rates during in the country as a whole to the age distributions of the populations of the subdivisions of the countrv, both in that same period and in the period 1936-38. T'hus the ratios of each sex can be compared both between areas and between periods, but in each case the comparison of two ratios is involved.
In both periods the male ratios were higher than the average l'or the whole country in the twvo county boroughs Belfast and Londonderry, anld in County Armagh-in the first period this was also true of County Downi. On the other hand, the female ratios of Londonderrv County Borough were verv much below the atverage for all women in Northern lreland-79 compared with 100 per cent. in 1925-27, and 83 compared with 104 per cent. in 1936-38. Amongst the women of Belfast, mortality was higher than the average for all women in the country and this was also true of women in the counties of Antrim, Armagh and Down I'ABLE V. Northern Ireland-average annual death rates from cancer (all sites) classified by sex and region in the periods 1925-27 and 1936-38 Ihe result of these chlaniges in mortality has been that the difference between "urban'" and rural mortality is less markedl now than it was formerly. Barclay and Kermack (1940) , discussing the excessive urban mortality from cancer in Scotland, concluded that "the implied effect of social and industrial environment in stimulating tumour growth is in harmony with the known facts regarding occupational and social cancer, and emphiasizes the importance which the control of adverse environmental factors mav have in the reduction of cancer incidence." Expected_Deaths 1925-27 193.6-38 1925-27 1936-38 -(1925-27 2. Evidence has been produced to show that the greatest numerical contribution to the increase in registered mortality was due to deaths certified as cancer of the intestines and lung in both sexes and to cancer of the prostate and bladder in men. A considerable reduction in mortality attributed to cancer of the liver and gall bladder both in men and women has been revealed. 3. The data suggest that the increase in total cancer mortality was largely a feature of the older age groups, particularly among females. 4. The greatest relative increase in mortality occurred in cancer of the lungbetween 1925-27 and 1936-38 a fourfold increase among men and a threefold increase among women werc observed, excluding increases due to the ageing population. 5. Levels of mortality from all forms of cancer varied considerably between the counties and county boroughs in both the triennia examined. In both periods mortality was at a maximum in Belfast County Borough. Although male mortality was higher than the average for the whole country in Londonderry County Borough, female mortality was considerably below average in each period. 6. Certified mortality increased between the two periods in all counties and county boroughs, except among men in County Tyrone and women in the Counties of Armagh and Antrim. The greatest relative increase (of 20 to 25 per cent.) occurred in County Fermanagh and this was largely due to the very low mortality level in the mid-twenties. It is probable that the observed increase in that county was due to undercertification in the first triennium. 7. In each period mortality was lowest in the rural areas, in spite of the fact that the greatest relative increase between the two periods occurred in such areas. In 1936-38, mortality in county boroughs was higher than in either the other urban districts or the rural areas and, as in the rural districts, in county boroughs mortality inicreased during the twenties an(d thirties. In 1925-27, mortality in "other" urban districts was at a maximum, but mortality in these areas fell-considerably in the case of male mortality-between 1926-27 and 1936-38. It seems likely that the urban excess of mortality is tending to decrease, and possibly this is not entirely due to an increasing similarity between urban and rural environmental conditions-that is, the environmental influence on the total cancer mortality rate was possibly less in the later period than it was in the earlier. 8. It is possible that some of the increases reported in mortality between the periods 1925-27 and 1936-38 were due to improved methods of diagnosis and wider interest in cancer of specific sites. Pointers to such a conclusion are the known improvements in diagnostic methods, the low but increasing rural rates, the verv low initial level of registered mort ality in County Fermanagh, the unchanging level of breast cancer in women, the fairly constant level of mortality attributed to most external sites and the increase in certified cancer 173 of the intestines, taken in conjunction with the decrease in certified cancer of the liver and gall bladder, and possibly prostate. If the increase in registered mortality of cancer of the intestines was complementary to the decrease in that of the liver and gall bladder, then the major contribution to the observed increase in the total cancer death rate was made by certified lung cancer. For reasons given earlier, it seems probable that there has been a real increase in the risk of dying from cancer of the lung and it would seem appropriate that the reasons for that increase should be sought from a rigorous survey of patients suffering from this form of cancer. It seems unlikely that more can be gleaned from mortality aspects alone.
